Abstract -Rural areas in Europe are presenting a decreasing population density and an increasing age index. These elders usually present multiple diseases that require complex tools to identify the exact cares that they need. Currently, different frameworks can evaluate their functional status and identify the required cares to maintain their Quality of Life, together with the associated cost to the health system. Nevertheless, these frameworks are usually questionnaires that have to be performed by already overloaded professionals. In this paper, we make use of mobile technologies to build a system capable of monitoring the activities of the elderly and analysing these data to assess their functional status. The experiments carried out show us that it correctly evaluates these patients and reduces the effort required by health professionals.
INTRODUCTION
The aging of the population is a confirmed fact in most developed countries. Over 20% of people in developed countries are elderly (65 or more years old), and the growth of this age group means that it is likely to reach some 26% of the population of these countries in 2030 [1] .
This trend is even more acute on rural European regions like Extremadura in Spain or Alentejo in Portugal. These regions have a lower population density than the average of the European Union (EU), ranging from 14,8 people per km 2 on Baixo Alentejo and 31,9 people per km 2 on Badajoz compared to the 116,6 people per km 2 averaged on the EU. And even lower than the averaged population density of the rural regions of the EU (48,4 people per km 2 ).
These regions have a higher than average aged population, which can be understood as a signal of development. However, the reality is that these are economically disadvantaged regions with an especially fragile cultural and socioeconomic context [2] . Literacy index are lower than average in these regions and, due to the low population density and migration of the young population to richer regions, the elders frequently live alone. Therefore, public health policies, that are already suffering to cover the aging population in more developed regions, are stretched to their limits in these regions [3] .
As these people get older, the likelihood of illnesses and chronic diseases increases. Different studies of the National Council on Aging show that more than 80% of older adults have at least one chronic disease, and it is estimated that at least 77% of them have two or more chronic diseases [4] . This is even worse in rural areas, where rural veterans have significantly more physical health diseases [5] .
Patients with Multiple Chronic Diseases (MCD) requires specific cares totally created ad-hoc for their specific problems. These cares are usually expensive [6] , [7] . In densely populated areas, some of these cares may be funded by the healthcare system but, in rural areas, it is usually unfeasible; even more so when this type of patients is the great majority of the inhabitants of these areas.
Different studies, such as [8] [9] , have been working on defining questionnaires and tools to evaluate the social and health situation of patients. These tools evaluate different biopsycho-social dimensions to identify the health status, configure the cares required and predict the health care's costs and resources. Therefore, healthcare professionals can identify the cares that would allow patients to have a certain Quality of Life (QoL) at the minimal cost.
In the Spanish Healthcare System, the execution of these tools is usually responsibility of the primary health services and the social services. These services, although can perfectly perform this task, are usually overburden by the extensive area and number of patients they must cover [10] .
Currently, different mobile technologies are being used to track different diseases to improve patients QoL. Specifically, Internet of Things (IoT) [11] and mobile devices [12] are being used to track diseases. For instance, in [12] , the authors combine a smartwatch and a smartphone to display and track the carbohydrates, insulin, and blood glucose in patients with diabetes. These applications can also be used by elders in rural areas to monitor their activities and assess their health status. Thus, reducing the health and social services burden and improving the elderly QoL.
In this paper, we detail a context-aware mobile application to perform this assessment. This application uses the mobile device built-in sensors, and other external sensors, to gather the patient's contextual information. In addition, it uses machine learning to identify his/her behaviours and how they evolve over time. This information is then used to evaluate her functional status and to identify the required cares. Finally, the deducted information is provided to the health and social services, so that they can easily analyse the evolution of the patient and leverage the required cares to maintain her QoL.
To describe the proposed system, the rest of this paper is organized as follow. Section II presents the motivations of this work. In Section III the more relevant related works are analysed. Section IV briefly details the multidimensional assessment. Section V details the technologies in which it is based. Section VI shows the developed mobile application. And, finally, Section VII presents the conclusion of this work.
II. MOTIVATION
In developed countries, the population density in rural areas is steadily decreasing, an increasing group of the habitants of these areas are elderly and an important number of them have multiple and, possibly, chronic, diseases, requiring specific cares. Different researchers work on how to evaluate the functional status of these patients to propose the best cares at the lower cost, but this is a complex process [9] , [13] .
These cares should be ad-hoc, due to the interactions between the different diseases, and should evolve as the diseases evolve. Normally, their family, relatives and friends could provide some of the needed cares and evaluate the evolution of these diseases. Nevertheless, the migration of the young to richer regions makes it difficult for these patients to obtain the necessary control. Therefore, healthcare professionals should provide this exhaustive control.
In order to reduce the healthcare system's cost in these areas, a common practice is that some services are shared between a number of small villages. For instance, instead of every village having a complete health team, sometimes, these services are shared among several villages. This reduces the costs, but overloads professionals, making more difficult to monitor patients and to regularly update their cares.
The scientific community has been devoting enormous effort to mitigate the problems of this population. Specifically, from a technological point of view, great progress has being made in improving the QoL of people affected by these conditions. In the following paragraphs, we shall present an example scenario to try to clearly convey the progress provided. This same scenario will be used throughout the paper to illustrate the benefits provided by our work. The information needed to detect Manuel's health condition and routines can be obtained from the mentioned devices. The success of IoT has led to the development of a large number of devices which can obtain information about their users. Some works, such as [14] , [15] , are using this information to improve the QoL of the elderly. Nevertheless, some characteristics essential for the success of these applications are: configuration effort, battery consumption and privacy.
Manuel is
IoT devices require users to configure them to gather information and act according to their preferences. In a rural area, where the educational level is usually low, this configuration is not feasible. Healthcare and social professionals could configure these devices, but eventual changes in the context of the people involved may require their reconfiguration [16] . Increasing, again, their workload.
During the last few years, some of the authors of this paper have been working on a new mobile computing model [17] . This model allows mobile devices to gather the contextual information of his/her owner store it to create a virtual profile [18] and offer it to third applications or entities to improve the QoL of the owner, using this profile to also reduce the reconfiguration efforts.
Another aspect of acquiring contextual information about the elderly person that should be taken into account is battery use. Most of the devices used in monitoring the elderly are mobile and, hence, small. They therefore have limited battery capacity. Constant monitoring of a person usually involves a level of power consumption that is unacceptable for these small devices. Many research studies have addressed this problem proposing different techniques [19] . These techniques are essential in the development of an eldercare monitoring system. The author of this paper have also proposed different techniques to reduce the battery and data traffic usage [20] . These techniques are included in the aforementioned mobile computing model and in the proposed system. Finally, the privacy is a crucial aspect that is receiving much attention from the scientific community. An approach to preserve the privacy of the elderly is to keep their information in their own devices [22] , [23] . This device then shares the necessary information with the required people, avoiding to store the elderly person's information in a centralized server and increasing its privacy.
In this paper, we present a context-aware mobile application that gather the context of the patient to perform a multidimensional assessment of its health. In the next section, we briefly detail some related works and applications.
III.
RELATED WORKS Mobile Computing and Internet of Things paradigms are changing how we perform different activities, assisting or even automating some routine and daily tasks to make our lives easier. Different researchers are working on adapting and applying these paradigms to improve the QoL of the elderly, their caregivers, and the health and social professionals.
There are different studies working on developing frameworks and architectures for improving the interaction between different IoT and Smart devices in order to better monitor the health of elderly people. In [21] , the authors present a mobile, cost effective and delay tolerant architecture for interconnecting biosensors, communication channels, microcontroller, gateway, internet, and applications. In [22] , the authors detail a model-driven middleware for portable devices to facilitate the development of IoT mobile application, allowing the communication among different on board sensing technologies. The main objective of the developed architecture is to turn the mobile phone into a gateway between the environment and the rest of the platform, positioning events related to a person that is moving inside a monitored location. Nevertheless, these architectures and frameworks are usually generic and have to be adapted to every situation.
Some studies are working on improving the QoL of patients with a specific illness. A lot of works are identifying elderly's trajectories and routine activities. For instance, in [23] , some of the authors if this paper presented a system for monitoring elderly in an early stage of cognitive impairment. This application was able to monitor the contextual situation of patients using their mobile phone. Specifically, it gathered the location, biometric data, relatives or caregivers accompanying the elderly person, or the weather. This information was analysed in order to detect their recurring activities and the deviations from these routines, triggering different alerts when a deviation was detected (such us informing caregivers, advising patients, etc.). This application improved the patient independence while keeping their caregivers informed. In [24] , the authors define a system for monitoring the elderly's trajectories when they are moving from one place to another, and to detect anormal trajectories that could indicate that they are disoriented. In [25] , Ko et al. propose an elderly person monitoring system that uses the location of the elderly person and real-time pictures from the device to track the elderly person's path, and a triaxial accelerometer to identify possible falls. However, the different elements of this data set are used independently of each other. Similarly, in [26] the authors propose the use in healthcare systems of complex contextual information to improve the recognition of daily activities. They use a set of devices similar to the set used in the present work to achieve fine-grained activity recognition. Nevertheless, they do not use that information to identify the cares needed and the cost associated.
Other works focused on monitoring the elderly person in order to provide more information to the caregivers and health professionals. In [27] , the authors present a mobile application for elderly patients with chronic degenerative diseases that present functional loss. This app monitors these patients in order to improve the communication with the health team and to provide them information about the patient's condition more often and in an organized manner. Nevertheless, this system was oriented to monitor groups of patients. In addition, smart environments with sensors or wearable devices were not considered. In [15] , the authors indicate that MCD elders are at high risk of health decline if they do not receive the required cares. They assert that goal-oriented approaches can provide better care for this kind of patients, but are complex and time consuming. So that, they propose a mobile app for monitoring the patient-care plans and provide information to the health professionals. These works facilitate patients, caregivers and professionals to evaluate if a plan is achieved, but it does not provide and evaluation of the functional status of the elder.
To summarize, currently, there are different generic frameworks to improve the elderly monitoring. Some of these frameworks or technologies are even adapted to control specific diseases or to provide a greater information to caregivers and health professionals about the evolution of that illness. Nevertheless, these works do not assist professionals in the whole evaluation of a patient taking into account all the dimensions required to identified the needed cares.
IV.
MULTIDIMENSIONAL ASSESSMENT FRAMEWORK During the last few years, some of the authors of this paper have been working on evaluating and identifying the care demands for the elderly and, concretely, how a population with different characteristics can obtain the best cares at the lower cost [8] . In these works, the authors proposed a multidimensional assessment, to evaluate the elderly persons' functionality, based on the International Classification of Functionality (ICF) [28] , and the cost associated. The ICF is a classification of health and health-related domains, including environmental factors, for measuring health and disability at both individual and population levels.
The proposed framework measures the functional status. The Functional status, as well as being an indicator for health status, is an indicator for predicting health care's costs and resources [13] , [29] . A person's functionality and incapacity are understood as a dynamic interaction between the states of health and the contextual factors. Therefore, in order to clearly identify the care needs, different dimensions and areas should be evaluated [30] , [31] , [32] .
Considering the elderly people's bio-psycho-social dimensions, this framework measures four different areas: Body Functions, Body Structure, Activities and Participation and Environmental Factors. The Body Functions dimension focuses on the global mental functions (in which the functions of orientation and sleep are evaluated), the specific mental functions (analysing the memory) the sensory functions (with particular emphasis on the hearing functions) and the pain (focused on the location and intensity of pain). Related with the Body Structures, for instance, the structure of the mouth is evaluated. In the Activities and Participation, the reading, writing, carrying out a daily routine, and self-care abilities are assessed, emphasizing not only abilities but also limitations. Finally, in the environmental factors, the personal care, personal assistant, close family network and financial conditions are analysed.
These four dimensions are evaluated with different questionnaires that are undertaken by professionals. These questionnaires provide them evidence of the elderly's functionality and incapacity, the consequent care needs and the associated costs.
In previous studies, this framework has been evaluated with 903 patients, proving its usefulness as a transprofessional instrument for the evaluation of functionality and care needs for the elderly. Nevertheless, they also identified that it requires health professionals to devote a huge amount of time with the patients, evaluating their situations. Usually, elderly cannot answer directly every question since they have a skewed view of their situation. In addition, MCD patients require a periodic evaluation. Therefore, technologies automating or semiautomating this evaluation are required.
V.
MOBILE COMPUTING MODEL In the last few years, other authors of this paper worked on proposing a mobile computing model [17] . This model is based on the premise that smart devices, and concretely mobile devices, can take a much more active role in the architecture of systems that monitor and guide people. To that end, they should be capable of capturing information about the users, storing it, analysing it to identify complex information and triggering actions or sharing it depending on the user situation. This computing model proposes to gather a very large amount of information about the user's context using the smartphone's sensors and interactions with other devices. In addition, this model uses the smartphone's capabilities to infer a higher level data from the acquired information. Therefore, it creates and stores a virtual profile of the user in the sense that it contains the timeline of all the data and actions that the smartphone has gathered along with the information that can be inferred from that timeline (i.e., the users preferences, activities, moods, goals, etc.). Thus, the virtual profile contains at least the following information:
A Basic Profile containing the dated raw contextual information with the status of the user and its history.
Social Profile. This profile contains the results of high level inferences performed over the Basic Profile.
The Goals detailing the specific needs of the user. These Goals are deducted from the Basic and Social Profiles at run-time.
The Skills or capabilities that a device has to make decisions and perform actions capable of modifying the environment (for instance, sensing specific information, or triggering alert messages).
These profiles are kept on the device, and securely provided as a service to third parties directly from the smartphone, allowing owners to keep their virtual identity under control. At the same time, the consumers of such services are allowed to get fresh information which is contextualized with the rest of the data captured by the device.
This model allows a variety of information to be collected in order to infer other, quite different, types of information, such as the activities done by the user, the time devoted to perform such activities, his/her routines, deviations from these routines, and so on. This model is applicable to the development of a system for monitoring and evaluating the cares needed by elderly people. With it, a rich set of contextual information can be collected by considering all the data captured by the network of the mobile device's sensors and other smart devices connected to the mobile phone. For our example of Manuel, using this model, one can identify such situations as when he is taking a walk, and the time that he spent sleeping or doing a specific activity.
VI.
CONTEXT AWARE MOBILE APPLICATION With the aim of easing the assessing of the functionality status of elderly people living in rural areas, we designed and developed a system based on the previously detailed frameworks and technologies. This system is composed of two different kinds of applications. The elder app that gathers his/her contextual information, stores it and, periodically, assesses the elder's functional status, sending the result to the health team. And the health application, which receives the assessment results. As previously detailed, the multidimensional assessment evaluates different areas, some of them could be interesting for a healthcare professional and others for a social professional. Therefore, the elder app can be configured to send each kind of information to specific members of the health team with those profiles. The health app can be configured for these specific profiles, adapting the information that can be seen. Fig. 1 shows the system's architecture, detailing the architectural components of each app and the information flow. The app for the elderly person gathers the patient's contextual information using different built-in sensors (i.e., Bluetooth, GPS, accelerometer, etc.) and a smart band (with a heart and movement sensor). The data, and the frequency at which it is gathered, is managed by the Contextual Information component. In addition, this component automatically configure and reconfigure the different sensors and external devices used. All the gathered raw information is stored in the Patient's Profile database (implemented with Realm [33] ), creating the Basic Profile. That information is evaluated by the Machine Learning component to get concrete data about the different dimensions and characteristics evaluated. Concretely, it identifies the sleeping patterns of the patients (using the smart band sensors), the activities done and their influence on the heart rhythm (using the smart band sensors and the GPS information). All the inferred information is also stored in the patients' Social Profile, which is stored in the database. Obviously, the used sensors and the inferred information can only be used to evaluate some characteristics of the Body Functions and Activities and Participation dimensions (such as sleeping, some daily activities, etc.). For other characteristics (such as memory and hearing), we included specific activities, games and questionnaires in the mobile app to evaluate them. Therefore, they cannot be passively measured yet, but they are actively measured with the patient's participation. The result of every activity done is stored in the patient's profile. Periodically, the Assessment Manager component analyses the inferred information in order to evaluate the patient's functional status. Currently, this task is weekly executed and only when the mobile phone is charging, so that it does not drain its battery. Once the weekly assessment is completed, the results are sent to the Health and Social apps. To that end, the Elder's app uses the Message Manager component to send a push notification with that information. Hence, all the gathered and inferred information is stored only in the elders and professionals' mobile phone, increasing the data privacy. Although, this could lead to store a lot of information in the mobile phone, this information occupies very little space and, if needed, it can be erased once they are processed. In addition, only the processed data are sent to the health team, which in turn is only stored in their mobile devices.
The Health and the Social apps are the same app that can be configured with different profiles. These apps receive the assessment result through the Message Manager component. That information is evaluated by the Patient Manager component to trigger any alarm if it has been an abrupt change in the elder's health and to store it in the Patient Database. This database maintains the evolution of every patient of the professional. That evolution can also be consulted by the professional to evaluate if the cares that the elder receives are enough to maintain her/his QoL. Fig. 2 shows some designs of the developed apps. The green one (Fig. 2a) is the application monitoring the elder's context. In the shown screen, the patient can configure the health and the social professionals that will monitor her/his evolution. This is the only configuration that he has to perform in the app and can easily be done by the health team. The orange application (Fig. 2b) is for the social professional. As can be seen, it allows him/her to select one patient and the activity that he/she wants to analyze. Depending on the activity, different charts are shown.
The applications detailed above were evaluated in a simulated environment in order to check their validity. To perform the experiment, 6 students were selected, 2 to undertake the role of the elderly, 2 that of the health professional and other 2 that took the role of the social professional. The experiment lasted two weeks, in order to execute two different assessment. During these weeks, the students representing elderly persons performed their usual activities, and the student-professionals gathered the different assessments. Throughout the experiment, the student-elderly had to record all the actions they performed, including the corresponding contextual situations, and the studentprofessionals had to record the received data. After the experiment, the recorded actions were used to manually perform the assessment framework and to compare the results with the information sent to the health team. From that comparison we identified that both method provided similar results. In addition, the presented apps allowed professionals to save some time devoted to execute these assessment.
Finally, the experiment executed only allowed us to validate the feasibility of the proposed system. A more throughout experiment will be executed using real subjects.
VII.
CONCLUSIONS Older adults experiencing MCD require complex to configure cares, and a constant evaluation of the evolution of their illnesses. In rural areas, where usually health professionals are overloaded and, sometimes, shared between different villages, the professionals usually cannot devote to these patients the time they require. This means that, because of living in a poorer area, the patients would not receive the required care to maintain a minimum quality of live.
In this paper, we have presented an application using new mobile technologies to semi-automate the monitoring and evaluation of this kind of patients. These applications allow health and social professional to remotely monitor different dimensions of the functional status of patients and with less effort.
As it has been previously detailed, this application can only automatically evaluate some characteristics of the proposed multidimensional assessment framework. Nevertheless, we are currently working on increasing the number of evaluated characteristics. Concretely, we are evaluating if the machine learning component can be used to assess the mouth structure. In addition, we are currently working on providing more advanced analytics to the health team, showing the evolution in every dimension.
